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The demand for wooden products are high due to its environmental benefits. Logs are harvested in a 
sustainable manner to meet the demand from local and international markets. However, resources 
consumption during logging activities impacts the environment. A life cycle assessment (LCA) was carried 
out to quantify the environmental impacts associated with log harvesting activities from natural forests 
in Peninsular Malaysia. Fuel consumption for each logging activity was obtained from several logging 
contractors for three different forest types, namely, hill forest, lowland forest and peat swamp forest. The 
harvesting systems and types of machines used in the different forest types were almost the same, except for 
the combination of equipment used, particularly in logging activity. Log harvesting in peat swamp forest 
generated the highest impact on global warming (49.69 kg CO2-eq m-3), acidification (0.72 kg SO2-eq m-3), 
eutrophication (0.93 kg PO4-eq m-3) and photochemical ozone creation potentials (0.27 kg C2H2-eq m-3) 
due to the high consumption of fuel to operate on-field machines for skidding. The terrain in every forest 
type was varied, and this influenced the amount of fuel used in harvesting.

Keywords: Forest operations, potential environmental impacts, fuel consumption, peat swamp forest, hill 
forest, lowland forest

INTRODUCTION

In Peninsular Malaysia, logs are mainly harvested 
from sustainably managed natural forest and 
a ver y small quantity, from the plantation 
forest. Depending on the elevation, logs from 
the natural forest can be harvested from the 
lowland forest (< 300 m), hill forest (300–750 m), 
upperhill forest (750–1000 m) and peat swamp 
forest. The proportion of logs from each forest 
type corresponds closely to the forest land status 
which comprises state land/alienated land, 
permanent reserved forest (PRF), and national 
parks/state parks/wildlife and bird sanctuaries. 
Hill forest is mainly categorised under PRF 
while lowland forest and peat swamp forest are 
included under PRF and state/alienated land. 
 Forest harvesting activities in Peninsular 
Malay s ia  are  managed under  a  fores t 
management system. Since the Gutta-percha era, 
forestry management has gradually transformed 
to be in line with the current technological 
development and har vesting activities at 
that time. Currently, the harvesting activities 
in Peninsular Malaysia are implemented 
in accordance with the Sustainable Forest 

Management (SFM) concept with priority 
given to environment and forest structure 
aspects. Selective Management System (SMS) is 
practised under the SFM in production forests 
within the PRF to ensure sustainable standing 
stock for the next 25 to 30 years of cutting cycle 
(Norizah et al. 2016). The harvesting activities 
following SMS are specifically divided into pre-
harvesting, harvesting and post-harvesting, as 
briefly summarised in Table 1. 
 Reduced impact logging (RIL) practice was 
also developed as a component to minimise 
impact to the forest ecosystem with sustainable 
timber harvesting prescriptions. RIMBAKA 
timber harvester was the most current modified 
excavator used under RIL to remove felled logs, 
and it has managed to reduce the use of heavy 
machines movement (Nazir Khan & Mohd 
Yunus 2005). However, RIMBAKA is not used 
any longer since early this year due to high 
maintenance cost and unsuitable for logging 
activities at higher elevation (more than 700 m) 
(Azian M 2020, personal communication). 
Other logging machines and equipment (axe, 
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chainsaw, tractor, crawler, powersaw, skidder, 
bulldozers and trucks) are still in use.
 Harvested logs are processed into sawn 
timber and various wooden products for local 
and international markets. Demands are mainly 
attributable to the potential of wooden products 
to store carbon throughout their service life, 
and therefore have the potential to mitigate 
climate change which is contrary to steel, plastic 
and concrete (Abbas & Handler 2018, Labelle 
& Lemmer 2019). Wood is also categorised as 
carbon neutral or low greenhouse gases (GHGs) 
emission material (Labelle & Lemmer 2019). 
  Although wood and wooden products provide 
environmental benefits, global concerns related 
to forest activities have been growing, particularly 
in regard to log har vesting. Although the 
advancement of mechanisation has reduced 
labour and costs for harvesting activities (Norizah 
et al. 2011), these technologies have negative 
impact on the environment. Forest activities may 
trigger environmental degradation as a result of 
resources consumption, namely, material, energy 
and water. In view of this, numerous studies have 
been conducted on the impacts of logging and 
timber processing activities on the environment 
using life cycle assessment (LCA) approach (Berg 
& Karjalainen 2003, Abbas & Handler 2018, Han 
et al. 2015, Labelle & Lemmer 2019).
 Several researchers have carried out studies 
of carbon related assessment in natural forest 
in this country (Pinard & Putz 1997, Yashiro 
et al. 2008, Itoh et al. 2012, Saner et al. 2012, 
Azian et al. 2019). Nevertheless, these studies 
are significantly far from the concept of LCA. 
To date, there have been no scientific studies to 
assess the environmental profile from logging 

activities in Peninsular Malaysia using the 
methodological framework of LCA. 
 LCA is an analytical tool to assess the 
environmental performance and to identify the 
environmental hotspots in a product system. 
LCA is normally conducted for a product 
system from cradle-to-grave, by accounting all 
the environmental impacts from the resource 
extraction to end-of-life or disposal based on 
a series of LCA standards by ISO 14040 (ISO 
2006a) and 14044 (ISO 2006b). LCA as defined 
by ISO 14040 and 14044 is compiling and 
evaluates input and output data, and the potential 
environmental impacts of a product system 
during the product lifespan. The result can be 
used for identifying opportunities to improve the 
environmental aspects of a product at various 
stages in its life cycle, and for decision making 
in industry and organisation in the selection of 
products for application and marketing (e.g. 
environmental claim, eco-labelling scheme or 
Environmental Product Declaration). 
 A s  L C A  h a s  b e c o m e  a n  i m p o r t a n t 
methodological framework to assess the impacts 
of timber activities on the environment, it is 
essential to carry out a preliminary study to 
assess the potential environmental impacts 
from logging activities. Therefore, this study 
was set out to establish an environmental profile 
for log production in Peninsular Malaysia to 
facilitate subsequent LCA studies on other 
wooden products. The assessment focused on 
the potential environmental impacts associated 
with log harvesting from three types of natural 
forest (hill forest, lowland forest and peat swamp 
forest). Based on the log production from 
these different forest types, a weighted average 

Table 1 Description of harvesting activities stages in Peninsular 
Malaysia under Selective Management System

Activity Description

Pre-harvesting - Pre-felling inventory
-  Cutting limit prescription
-  Timber tagging

Harvesting -  Road construction 
-  Directional felling
-  Timber transportation

Post-harvesting -  Post-harvest assessment
-  Post-felling inventory 
-  Prescription of silvicultural treatments

Source: Adapted from Nazir Khan and Mohd Yunus (2005)



Journal of Tropical Forest Science 33(2): 213–223 (2021) Gan KS et al.

215© Forest Research Institute Malaysia

environmental impact of logs harvested from 
the natural forest in Peninsular Malaysia was 
estimated.

MATERIALS AND METHODS 

LCA was used as a tool to assess the potential 
environmental impacts resulting from log 
harvesting in three forest types (Table 2). The 
methodological framework was conducted 
following the revised ISO 14040 and 14044 (ISO 
2006a, b respectively). 

Descriptions of the system 

In 2018, the total area of PRF in Peninsular 
Malaysia was 4,803,350 ha, of which 4,344,781 ha 
was inland forest (lowland and hill forests), 
253,447 ha was peat swamp forest, 89,684 ha 
mangrove forest and 115,438 ha plantation 
forest (FDPM 2019), and log production was 
4,191,245 m3. Logs from the natural forest were 
mainly harvested from the inland forest and peat 
swamp forest. Based on this information, it was 
estimated that 90% of the log production was 
from hill forest (inland forest), 5% from lowland 
forest (alienated land/state land) and 5% from 
the peat swamp forest. These proportions of 
log production were used as the basis for the 
weighted average estimate of the environmental 
performance for unit log harvested from natural 
forests in Peninsular Malaysia.
 Harvesting activities in lowland forest, peat 
swamp forest and hill forest were similar. The 
harvesting activities was carried out in teams, 
where each team comprised one feller and 
skidder. The number of teams differed based 
on log harvesting area. In this study, surveys 
were conducted at several logging sites involving 
several respondents (contractors who were given 
the license to carry out logging activities in large 

areas) to determine resource consumption 
during log harvesting activities at lowland forest, 
peat swamp forest and hill forest (Table 2). 

Hill forest and lowland forest 

Forest roads were constructed and maintained 
using the bulldozer or crawler tractor. Trees 
were felled and bucked using chainsaw, and logs 
were skidded by crawler tractor to a sublanding 
(intermediate logyard) in the forest. Winch lorry 
was used for short distance haulage between the 
sublandings and main landing site. A wheeled 
loader (log grapple) was used to manage the logs 
at the main landing site. The logging operation 
was supported by a logging camp and four-
wheel drive pick-up trucks for transportation of 
workers.

Peat swamp forest 

In previous time, logging in peat swamp 
forest had a network of locomotive rail for 
log transportation. However, this feature is 
not common nowadays because the forest and 
the trunk road system are in the same vicinity. 
Temporary forest road is built to connect the 
trunk road and logging sites. Trees were felled 
and bucked using chain saw and the logs are then  
skidded from the felling site to the sublanding by 
an excavator. The loading of logs into the winch 
lorry was done using the excavator. Winch lorry 
was used for short-distance haulage between the 
sublanding and main landing site. Unloading 
and stacking of logs at the main landing site was 
carried out using a wheeled loader. Similar to 
the hill and lowland forests, the operation at the 
peat swamp forest was supported by a logging 
camp and four-wheel drive pick-up trucks for 
transportation.

Table 2 Number of respondents according to study sites and types of forest

Location Forest type Forest status No. of 
respondent

Mersing, Johor Lowland forest Permanent reserved forest 2

Rompin, Pahang Peat swamp forest State land (land-use conversion) 3

Grik, Perak Hill forest Permanent reserved forest 3

Kuala Berang, Terengganu Hill forest Permanent reserved forest 5

Jeli, Kelantan Hill forest Permanent reserved forest 4
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System boundary

System boundary for the harvested logs from 
the natural forest is shown in Figure 1. The 
input, output and environmental emissions were 
accounted from cradle-to-gate. Logging activities 
began with the operation of camps at the logging 
sites. The gate of the system was the main landing 
site where logs would be transported to various 
processing plants. The input into the system 
was mainly fuels, i.e. petrol and diesel for the 
various machineries employed during the logging 
operation. The output was logs, and the various 
emissions were from the combustion of fuels. 

Functional unit

The investigated product for this study was 
har vested logs. In the logging sector and 
industry utilising logs from the natural forest, 
the imperial measurement unit for the volume 

of logs is Hoppus ton. In contrast, logs from the 
plantation forest for wood composite, and pulp 
and paper products are measured by weight in 
metric tonne. In this study, the functional unit 
for the assessment of potential environmental 
impacts was standardised as per unit volume 
basis for 1 m3 of harvested logs. All the different 
log measurement units were converted to cubic 
meter.

Data collection

Sur veys were conducted among logging 
contractors at the logging sites. Data collected 
comprised types of machinery used and fuel 
consumption for each activity. Petrol was used 
for electricity generator set, water pump and 
chainsaw, while other machineries such as crawler 
tractors, wheeled loaders, excavators and winch 
lorry used diesel. The lubricant consumption 
was prorated as 0.5% of fuel consumption. 

Figure 1      System boundary for log harvesting activities in Peninsular Malaysia
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Once the inputs were identified, the emissions 
to the environment was calculated based on the 
following equation (Ramasamy et al. 2015):

Environmental
emissions

= Activity 
data

× emission 
factor

                                                                     (1)

 Activity data was related to the on-site 
measurement of the inputs. Emission factors 
used for calculating emissions associated with 
the consumption of fuel are listed in Table 3. For 
life cycle impact assessment (i.e. the assessment 
of potential environmental impact categories), 
four impact categories were quantified based 
on the characterisation units in Table 4. The 
impact categories were global warming potential, 
acidification potential, eutrophication potential, 
and photochemical ozone creation potential. 
These emission factors and impact categories 
characterisation units were adopted from Adu 
and Eshun (2014). 

Allocation approach

Allocation is defined as the partitioning of 
environmental loads among the final products. 

In this study, logging activities produced logs and 
forest residues such as tops, limbs and undersized 
trees which were left in the forest. Therefore, it 
was decided that no co-products were produced 
in this study and excluded from the system 
boundary. The final product was harvested logs 
only. Therefore, the environmental loads were 
allocated to the harvested logs only.

RESULTS AND DISCUSSION

Potential environmental impacts

The potential environmental impacts evaluated 
in this study were global warming potential, 
acidification potential, eutrophication potential 
and photochemical ozone creation potential. 
The selection of the potential impact categories 
was deemed on the fact that these were the most 
common categories applied in LCA studies for 
forest activities (González-García et al. 2013). 
Figure 2 depicts the findings of the potential 
environmental impacts associated with logging 
activities at hill forest, lowland forest and peat 
swamp forest. Peat swamp forest had the highest 
contribution to global warming potential, 
acidification potential, eutrophication potential 

Table 3 Emission factors for the calculation of the emissions from 
fuel consumed

Fuel Compound 
emitted

Emission factor 
(g kg-1 fuel)

Petrol CO2 3172.00

CO 14.07

N2O 0.02

CH4 7.67

NOx 1.55

NMVOC 762.00

SO2 0.07

Diesel CO2 3150.00

N2O 0.02

CH4 6.91

NOx 50.00

NMVOC 6.50

SO2 15.00

CO 14.00

Source:  Adapted from Adu and Eshun (2014); the name of compounds 
are as in Table 4
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Table 4 Life cycle impact assessment categories and indicators

Potential impact 
category

Scale Classification Characterisation factor Description of 
characterisation factor

Global warming 
potential

Global Carbon dioxide 
(CO2)
Methane (CH4)
Nitrous oxide (N2O)

1 kg = 1 CO2-eq
1 kg = 21 CO2-eq
1 kg = 310 CO2-eq

Converts life cycle 
iventory (LCI) data to 
CO2 equivalents

Acidification 
potential

Regional Sulfur dioxide (SO2)
Nitrogen oxides 
(NOx)

1 kg = 1 SO2-eq
1 kg = 0.7 SO2-eq

Converts LCI data to 
SO2 equivalents

Eutrophication 
potential

Regional NOx 1 kg = 1.3 PO4-eq Converts LCI data to 
PO4 equivalents

Photochemical 
ozone creation 
potential

Local Non-methane 
hydrocarbon 
(NMVOC)
Carbon monoxide 
(CO)
CH4
NOx

1 kg = 0.416 C2H2-eq

1 kg = 0.027 C2H2-eq

1 kg = 0.006 C2H2-eq
1 kg = 0.028 C2H2-eq

Converts LCI data to 
ethylene equivalents

Source: Adapted from Adu and Eshun (2014)

Figure 2 Potential environmental impacts associated with logging activities in three different forest 
types: (a) global warming potential, (b) acidification potential, (c) eutrophication potential 
and (d) photochemical ozone creation potential on basis of per m3 of harvested logs
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and photochemical ozone creation potential. 
For photochemical ozone creation potential, the 
level of emission for peat swamp forest harvesting 
operation was about double that of hill forest and 
lowland forest. Differences in the environmental 
profiles between hill forest and lowland forest 
were not substantial. 
 Figure 3 shows the percentage of the potential 
environmental impacts associated with logging 
activities in the three forest types. Logging 
activities for peat swamp forest, lowland forest and 
hill forest were comparable, comprising logging 
camps, logistics, felling, road construction and 
maintenance, skidding, loading and unloading 
and short distance haulage. Nevertheless, the 
percentages of the potential environmental 
impacts were different. The use of resources 
varied according to logging activities in each 
forest type. Resources consumption consequently 
impacts the environment (Berg & Karjalainen 
2003, González-García et al. 2013, Han et al. 2015, 
Oneil & Puettmann 2017). In this study, diesel 
and petrol were the only resources used for log 
harvesting activities in the three forest types. Fuel, 
which is used to operate harvesting machines and 
equipment, is the main resource used in logging 
activities (Oyier & Visser 2016). The types of 
harvesting machines employed in the different 
forest types were similar although the number 
of fellers and machineries may vary. Figure 4 
shows the proportion of fuel consumption by 
activity during log harvesting in the three forest 
types. Logging activities in peat swamp forest 
consumed the most fuel probably due to the 
forest conditions. A high percentage of fuel 
was used for skidding and loading/unloading 
activities. The main equipment used was the 
excavator which is multi-functional for the forest 
condition but less productive compared with the 
crawler tractors in dry inland forest (hill and 
lowland forests). Steeper terrain at hill forest 
resulted in slightly higher consumption of fuel 
than lowland forest. The use of fuel for different 
types of machines and harvesting systems are 
affected by terrain and stand characteristics of 
the trees (Oyier & Visser 2016).
 Fuel comprises carbon, sulphur, nitrogen 
or their compounds. The combustion of fuel 
sources will release these elements which 
consequently create several environmental 
concerns as combustion of fuel sources releases 
GHGs to the environment (Berg & Karjalainen 
2003). 

Comparison with previous studies

A considerable number of studies of the potential 
environmental impacts associated with forest 
activities have been reported. For this comparison, 
the focus of this study was the potential of global 
warming. Global warming potential has been 
highlighted as the highest environmental impact 
profile (Tellnes et al. 2012). The release of GHGs 
mainly carbon dioxide (CO2) is linked to the 
combustion of fuel used to operate machines 
and equipment (Berg & Karjalainen 2003). 
Therefore, the assessment of global warming 
potential has become a growing interest at the 
international level due to the efforts to reduce 
carbon emission to the environment.
 The findings of global warming potential 
related to logging activities from other studies 
are shown in Table 5. The assessment of global 
warming potential in the present study was 
comparatively higher than the other studies. 
However, comparison studies are reasonably 
challenging as there are several aspects that 
need to be taken into account (González-García 
et al. 2013, Han et al. 2015), one of which was 
the log species. Log species from natural forest 
mainly belong to the family Dipterocarpaceae. 
The allowable cutting diameter of hardwood 
logs in the natural forest is usually ≥ 60 cm 
for dipterocarp species and ≥ 45 cm for non-
dipterocarp species. Densities of tropical 
hardwood are high, i.e. > 880, 720–880 and 
> 720 kg m-3 for heavy hardwood, medium 
hardwood and light hardwood respectively 
(Menon 2000). On the contrary, most of the 
species from the other studies are plantation-
grown softwoods. Plantation-grown softwood 
from temperate regions are less dense in 
comparison with tropical hardwood. Therefore, 
cutting force increases consistently with higher 
density of logs. Size of the logs and density 
generally influence the energy use, and thus 
more fuel is required to cut down bigger logs 
with higher densities (Ratnasingam et al. 2015).
 Logging methods in different regions are 
different depending on forest conditions, soil 
moisture conditions and soil stability, and tree 
stand characteristics (Han et al. 2015, Laschi et 
al. 2016, Oneil & Puettmann 2017). Generally, 
the felling of logs uses either a motor-manual 
system or mechanical system, the former being 
the more efficient (Berg and Karjalainen 2003). 
Meanwhile, extractions of felled logs to the 
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Figure 3 Percentage of potential environmental impacts by logging activities in peat swamp forest, lowland 
forest and hill forest: (a) global warming potential, (b) acidification potential, (c) eutrophication 
potential and (d) photochemical ozone creation potential
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Table 5 Comparison of global warming potential with previous studies

Reference Global warming 
potential 

(kg CO2-eq m-3)

   Type of forest  Species Region Further use        Logging method

Present study 49.7
44.7
48.0

Peat swamp forest
Lowland forest
Hill forest

Mixed 
species

Peninsular 
Malaysia

Sawmill -  Mechanised ground-
based harvesting

-  Selective cutting

Oneil and 
Puettmann 
(2017)

10.74–18.14 Temperate 
coniferous 
rainforest

Douglas 
fir

USA Industrial 
roundwood 

-  Ground-based and 
cable-based harvesting 
system

-  Commercial thinning

Han et al. 
(2015)

17.13 Forest Redwood Northern 
California

Sawmill -  Manual ground-based, 
skyline and helicopter 
harvesting methods

Handler et al. 
(2014)

9.9–14.7 Natural hardwood 
stands
Natural softwood 
stands
Mixed hardwood/
softwood stands
Softwood 
plantation

Mixed 
species

Michigan Pulpwood -  Manual and 
mechanical 

 ground-based of 
harvesting system

-  Clearcutting, 70% cut 
(shelterwood), 30% 
cut (selective)

Adu and 
Eshun (2014)

73.35 Natural tropical 
forest

Khaya Ghana Sawmill -  Mechanised harvesting 
method 

González 
García et al. 
(2013)

2.35 Forest plantation Douglas 
fir

Germany Biomass 
production

-  Manual and 
mechanical ground-
based of harvesting 
system

-  Thinning and final 
cutting

Berg and 
Karjaleinen 
(2003)

10.6
9.1

Forest plantation Mixed 
species

Finland
Sweden

-  Motor-manual and  
mechanised harvesting 
system

-  Thinning and final 
cutting, selection 
cutting

Peat swamp forest Lowland forest   Hill forest

Forest type
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landing site substantially used different machines. 
Hence, with varying degrees of mechanisation in 
the logging activities, it was difficult to make a 
comparison.
 Another aspect that needed to be observed 
was the differences in forest management. 
In Peninsular Malaysia, natural forest is self-
generated. Following this, logging activities in the 
natural forest in Peninsular Malaysia are based on 
SMS, whereby the felling cycle is from 25–30 years 
and the cutting limit for dipterocarp species is ≥ 
60 cm while non-dipterocarp, ≥ 45 cm. In some 
countries, thinning is carried out to reduce the 
damage of residual standing trees. Thinning 
resulted in higher global warming potential 
than clear cutting operations (Han et al. 2015), 
although each region has its own practices of 
thinning (Berg & Karjalainen 2003). 
 System boundary was set up to observe the flow 
of the input, output and environmental emissions 
during an activity. The present study focused on 
harvesting activities with inclusion of logging 
camp operation, logistics and maintenance of 
existing logging road. On the other hand, the 
system boundaries from the previous studies  
were from silvicultural to harvesting operation 
(Oneil & Puettmann 2017), forest operations to 
secondary transportation (Berg & Karjaleinen 
2003), greenhouse grown seedlings to transport 
logs to mill (Han et al. 2015), site preparation 
stage to the loading of the logs onto truck at 
the roadside (González-García et al. 2013) and 
felling to transportation (Laschi et al. 2016). The 
choices of the activities included in the system 
boundary influence the use of resources. A study 
was carried out by Berg and Karjalainen (2003) 
to compare the environmental loads between 
Finland and Sweden, where both countries 
had similar system boundary and technology 
used. The result clearly indicated variations in 
operations, technology and the fuel quality. 
Thus, even though there may be similarity in the 
system boundary, it is difficult to highlight the 
comparison observed due to variations in yield 
per hectare, management intensity and harvest 
system. 

CONCLUSIONS

This assessment of potential environmental 
impacts during log harvesting in Peninsular 
Malaysia is a pioneer study. The activities began 
with the operation in a logging camp, logistics, 
tree felling, road construction and maintenance, 

skidding, loading and unloading, and end with 
short distance haulage. Based on the estimated 
log production from each forest type, the 
weighted average environmental impacts for log 
harvested from each of the natural forest were 
established. Peat swamp forest had the highest 
impact on the environment, followed by hill forest 
and lowland forest. Differences in environmental 
impacts for logs harvested from the three forest 
types were not substantial. The combustion of 
fuel sources during logging activities produced 
environment emissions. The differences in the 
amount of fuel used in the three types of forest 
were due to forest conditions. These quantified 
environmental impacts could be further utilised 
for LCA study of wooden products made from 
logs harvested from Peninsular Malaysia.
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